Major tsunami disasters often cause great damage in the first few hours following an 2 earthquake. The possible severity of such events requires preparations to prevent tsunami disasters or 3 mitigate them. This paper is an attempt to develop a decision support system for rapid tsunami 4 evacuation for local decision makers. Based on the numerical results of tsunami disasters, this system can 5 quickly obtain the tsunami inundation and travel time from a numerical results database. Because 6 numerical models are calculated in advance, this system can reduce decision-making time. Population 7 distribution, as a vulnerability factor, was analyzed to identify areas of high risk for tsunami disasters. 
21
and influence areas far from their sources, resulting in large-scale disasters (Hébert et al., 2001 ). 
27
Tsunami risk assessments undertaken prior to the arrival of a tsunami are considered important 28 and necessary (Sato et al., 2003; Strunz et al., 2011; Kurowski et al., 2011) . According to natural 29 2 disaster risk assessment theory, risk assessment provides a means to quantify risk by analyzing 30 potential hazards and evaluating vulnerability conditions. Tsunami evacuation research has been 31 conducted in high-risk areas around the world, based on evaluations of tsunami hazard, vulnerability 32 and risk assessments. When a tsunami disaster happens, the first task for emergency rescue personnel is 33 to evacuate people to safe areas (Mück, 2008) . Tsunami evacuation research needs related information,
34
such as the degree of hazard, and the distribution of people, roads, and shelters (Scheer et al., 2011) .
35
Currently, many governments (e.g., Japan, the United States, and Thailand) issue tsunami evacuation 36 plans (Scheer et al., 2011) to help citizens plan for tsunami disasters.
37
This paper develops a decision support system for local decision makers to facilitate the planning 
42
When an earthquake and tsunami occur, the support system can quickly provide the required 43 information for appropriate recommendations and decision-making to aid evacuation.
44

Methods
45
In the last 20 years, static and dynamic approaches have been used in tsunami evacuation research.
46
The static approaches have included the least-cost-distance model (Wood and Schmidtlein, 2013) , 47 genetic algorithms (Park et al. 2012) , and discrete element methods (Abustan et al. 2012 ). Several 48 dynamic approaches can also be found in the literature, e.g., traffic simulation models (Naghawi and 
49
Wolshon, 2010) and agent-based models (Mas et al. 2015) .
50
The static least-cost-distance model is suitable for tsunami evacuation planning over relatively 51 large areas focusing on finding the shortest path from the hazard zone to a safe location, whereas the 52 dynamic agent-based model was developed for a localized area focusing on the evacuees' behavior and 53 dynamic travel costs. We adopt a combination of least-cost-distance and agent-based models in our 54 support system. 
69
It may take 2 minutes to get tsunami hazard information using the decision support system. The 
72
can be used to study local tsunami evacuation problems before a tsunami occurs.
73
Suitable data are the basis of tsunami evacuation analysis. To build this evacuation system, data as 74 shown in Table 1 
94
The Manila Trench, an active subduction system where the Eurasian Plate subducts beneath the 
100
Earthquake records may underestimate the tsunami potential of the region (Okal et al., 2011) .
101
Although the probability of a major earthquake in the Manila Trench is not high, this does not mean 
107
In this paper, we consider a number of potential tsunami scenarios in the South China Sea region.
108
The historical earthquakes and tsunami from the region are shown in 
135
The inundation caused by the 8.5 magnitude earthquake tsunami covered an area of 29 km 2 ( Fig.   136 4). The inundation areas were classified into level 2 and level 3; the maximum amplitude is 1.8 meters.
137
There are hospitals, schools, shopping malls, and hotels in the inundation areas. Several communities 
160
By considering the emergency response capability of local authorities, it was found that the total 161 time for tsunami warning notification, reception, and public response would be 0.8 h. It was calculated 162 that the exposed population would evacuate in 2.1 h.
163
5 Vulnerability analysis
164
The second stage component in the system is vulnerability analysis. The vulnerability analysis 
185
Using vulnerability analysis, several high-risk areas were identified. The evacuation analysis was 186 conducted mainly in the high-risk areas. 
194
When managers make a decision about whether to evacuate and how to evacuate, they need 10 current information on elevation, roads, and shelters. In this study, the evacuation analysis was 
206
The best evacuation routes are not always short straight lines. Different types of land use can 207 impact evacuations. For instance, evacuation by road is significantly faster than across agricultural land.
208
An evacuation cost raster, which quantifies the degree of difficulty for each cell in an evacuation area,
209
can be used to compute the influence of different environments on evacuation routes (ADPC, 2007).
210
Evacuation cost is a combination of land use and slope. The best evacuation route should correspond to 211 the lowest evacuation cost area.
212
Evacuation costs were analyzed in this system according to the approach of Wood and 
218
If there is enough evacuation time, people should be able to evacuate horizontally to a safe area higher-lying areas, preferably with a road connection. In addition, the structure, function, and security
241
of candidate shelters should also be investigated (Budiarjo, 2006 
265
This study used the NetLogo environment (Wilensky, 1999) 
289
Based on the understanding of a future tsunami hazard, this paper presented a decision support 290 system for tsunami evacuation of tsunami-prone areas. The presented system considers tsunami hazard, 291 vulnerability, and evacuation analysis, with the purpose of helping prepare for disaster risk 292 management and evacuation planning in the tsunami-prone areas.
293
The development of this decision support system requires a variety of geographic data, including 294 catalogs of historic earthquakes and tsunami, water depth, digital elevation models, satellite images, 295 evacuation shelters, and roads. Note that the tsunami risk of a certain region should be assessed roughly 296 before the development of this system. The system is best developed in an area that is likely to suffer a 297 future tsunami disaster.
298
When there is no tsunami, this system can be used to simulate the evacuation and identify 299 potential problems influencing the evacuation. Based on the simulation results, local managers can take 300 measures to mitigate the adverse factors and make evacuation plans. Once a tsunami occurs, this 301 system can be used for interactive and adaptive evacuation management.
302
The decision support system has been applied to the Jiyang District of Sanya City, China. A total 303 area of 29 km 2 areas was inundated by an 8.5 earthquake tsunami that had its origins near the Manila 
